Regions that had acceptable levels of water resources are becoming arid due to global warming and human-caused damage. Yet, public policies in such regions remain unsuitable for local conditions. Although this is owed to broad economic, political, and engineering factors, this paper focuses on water project methodologies and local policy design toward sustainable development. Water surface flow formulas utilize simplified assumptions adequate for perennial rivers, but require upgrades to accommodate arid regions and seasonal river behavior. The paper proposes a framework that links engineering to public policy using field data collected in Mount Lebanon, where drought periods are increasing. A dependent variable is defined as an index about community benefits based on water projects. Four independent variables are defined as (X 1 ) the extent to which local communities would contribute to the engineering management and maintenance of water facilities, (X 2 ) the ability to use project output for power supply, (X 3 ) the potential use for agricultural purposes, and (X 4 ) local community amenability and support for the privatization of water civil works. Results showed a statistically significant 
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PUBLIC INTEREST STATEMENT
Water is a vital resource and yet it is often missing or scarce in many developing countries, even ones that have abundant rain like Lebanon. The issue does not reside in lack of engineering expertise, but is rather more related to lack of public policies, lack of programs that involve local communities, and weakness in public management. The paper presents an argument for the harnessing of surface water provided proper policy frameworks are established and implemented with water project methodologies aligned with sustainable development principles.
Modifications are also suggested to water flow formulas to accommodate arid regions and small seasonal river behavior. A framework linking engineering to public policy is proposed and tested using field data collected in Mount Lebanon. It is found that local communities would benefit more from water projects if they could participate under clearly designed policies in power generation and irrigation for agricultural purposes among other applications.
Introduction
Many developing countries face a mismanagement challenge in water resources, attributable to poor technical means, or to engineering project management failure (Brikké & Bredero, 2003; Davis & Brikké, 1995) . But it was also found that water supply issues, especially in arid and semi-arid regions, are owed to political agendas at a local community, national, and regional level (Mollinga, 2008; Norwegian Agency for Development Cooperation, 2004) . Surface water challenges caused an increase in harnessing ground water instead of managing surface water and runoff (Siebert et al., 2010) . Environmental and economic reasons include pollution of surface water, drought periods for surface water flow, decreasing river flow in general due to various climatic developments, and the cost-benefit associated with ground water exploration and extraction (Burke, 2002 ; Norwegian Agency for Development Cooperation, 2004) .
Ample literature addresses engineering aspects of water resources highlighting the lack of technical means in developing countries (Mathiesen, 2016) . Challenges in finding local human resources have been identified as being one of the top three reasons behind low financial absorption in several water projects funded by international organizations (Hoe & Garrett, 2015) . Efforts by volunteers or donor organizations expended in training local engineering counterparts during development projects may be necessary but not sufficient in terms of local human resource development. Technology and human skill transfer frameworks require a high level of local customization, making such initiatives even more challenging (Argandoña & von Weltzien Hoivik, 2009; Trace, 1994) . In terms of public policy and management entrusted with engaging local communities, four dimensions have been identified and adopted by most international development agencies; leadership, mobilization, channeling, and impact. Leadership is described as the level at which guiding principles are set and policy coherence is ensured. Mobilization is used in the sense of re-orienting financial markets to adopt sustainable development goals. Channeling is regarded as the set of activities that would promote and facilitate investment in vital sectors. Impact is the set of activities that would maximize community benefits while minimizing project risks (United Nations Conference on Trade & Development, 2014; World Bank, 2012) . While the social and local community dimensions are important, and while they bear ethical considerations that are critical to sustainable development, it is often treated separately from the engineering dimension. The fact that each discipline approaches sustainable development in a separate compartment has been identified as a weakness, hence the need for integration and the use of multidisciplinary methods (Drexhage & Murphy, 2010 ; National Academy of Engineering, 2017). As for the economic dimension, sustainable development projects are expected to show long-term performance as opposed to narrowly defined short-term financial benefits (Dempsey, Bramley, Power, & Brown, 2011; Freeman, 2010; Frederick, 1960) . Still, most research in the literature addressed the economic dimension as an element of social responsibility, or corporate citizenship, independently from the engineering component (Andriof & McIntosh, 2001; Battilana, Lee, Walker, & Dorsey, 2012 ).
The three dimensions described above, albeit each one is well developed in literature in its own right, exhibit a gap in terms of converging solutions (Porter & Kramer, 2011; United Nations Sustainable Development Solutions Network, 2013) . The best thought-through technical and engineering solutions would find implementation difficulties if the social and community dimension are neglected. Likewise, social work and effort in supporting local communities may not be sustainable if there is no undergirding engineering solutions that help translate theory to practice (Idowu & Vertigans, 2016; Phills, Deiglmeier, & Miller, 2008) . Further, technically sound engineering solutions, combined with local community service and participation would not be achievable without studying the economic dimension and its impact on final outcomes. In this paper, we present a framework that considers three main dimensions driving water resource management in the context of rural development in village communities: the engineering dimension, the social and community dimension, and the economic dimension. In a proposed theoretical framework, we address the interrelationship among these three dimensions then provide a linear regression analysis that links the three dimensions based on empirical data. The model is tested on field data collected from the community around a seasonal river that originates in Mount Lebanon and has an estuary north of Amshit in Byblos County.
Analysis of water management issues
While it has been common to correlate engineering and water resource management issues with developing country status, there are many common issues faced in both developing and developed countries alike (European Environment Agency, 2003; Vörösmarty et al., 2004) . The perception of water as a free resource, its undervaluation, the realization that water problems are communitybased, and the fragmentation in water resource management, are present in both developed and developing countries (Morris et al., 2003) . These factors pose challenges in water resource engineering and management projects at a global level (World Water Assessment Programme, 2006).
Water as a free yet expensive commodity
There is a longstanding view that water is a free commodity that has influenced habits of water use in various parts of the world (Chartres, Giordano, & Varma, 2010) . Although this view exists about less developed countries, the challenge of water undervaluation is also faced by developed countries. The view of a leaking pipe in the street causing water to flow to waste, unattended for extended periods of time, is a common scene in both developed and developing countries (Valley Water District, 2013) . At the same time, inhabitants would be purchasing containers to cater to their daily water needs. This paradoxical image has a serious undergirding from an engineering economics perspective. The free rider concept applies to this phenomenon as it entails engineering and public works that no one is entitled or interested in performing (Cornes & Sandler, 1996) . Why would the individual bear the cost singlehandedly to generate social benefits to a community? In Nevada, for example, not-for-profit agencies fulfill the role of water conservation (Valley Water District, 2013) . In West Midlands, UK, authorities assign the responsibility to the private owner for water conservation and reporting water wasted through leaks (South Staffs Water, 2013) . In late 2013, in Detroit, Michigan, millions of gallons of water went to waste in unattended facilities (Williams, 2013) . A 1921 study showed that Detroit, a city that is historically known for being at the forefront of mechanical engineering, civil systems, and water distribution networks, leaked over 2.5 million gallons per day, of which 56% were caused by broken mains and joint leaks (Fenkell, 1921) . In Lebanon, three prices are periodically paid by end-users for water usage. A price is paid to the government as a lump sum for a yearly subscription. Another price is paid to private parties-typically small vendors-that supply water containers delivered to various local communities. Yet another price is paid to companies that sell drinking water and supply fountains to residential and commercial facilities. Empirical data collected in Lebanon shed light on several attitudinal features including the tripleprice effects (Chalhoub, 2010) .
Water as a communal responsibility
Work performed by international development organizations showed that many water management responsibilities are shifting from central government to local communities (WaterAid, 2011) . The motivation behind this shift is that most problems identified were related to soil erosion, water loss, and local conflicts, all of which are community-related (Cleveringa, Zamalloa, & De Villemarceau, 2004; Neef, Bollen, Sangkapitux, Chamsai, & Elstner, 2004) . Similar initiatives are being implemented in developed countries where reliance on state and local government for water resource management is shifted to local communities (South Staffs Water, 2013; WaterAid, 2013) . Some of the challenges are related to the willingness of public sectors to relinquish control, and private parties to be amenable to the idea of transferring water service provision to non-governmental parties (Bunclark, Carter, Casey, Day, & Guthrie, 2011; Neef & Heyd, 2004) .
Research performed on international development programs on water resource management in developing countries concluded that local community involvement-and even local project leadership-is a key success factor (Balland & Plateau, 1996; Wade, 1988) . Research on communal responsibility showed the importance of community involvement in tackling and solving such problems. Local community management in water engineering issues requires the establishment of local public policies. The Global Environment Facility (GEF) that jointly implemented with the United Nations Development Programme (UNDP) local community empowerment programs in Ghana, Guatemala, Kenya, Mauritania, Sri Lanka, Uganda, and Tanzania, concluded that for such public policies to succeed, local organizational structures need to be established ranging from local village water committees to quality reporting and auditing bodies (Global Environment Facility, 2012).
Water resource management as a fragmented responsibility
The absence of a focal public body that handles the water management value chain has been identified as a major weakness in water resource management (Anderson, 1983 ). This feature is not only specific to less developed countries, but exists in the most technologically advanced and preservation policy-sensitive nations (Levin et al., 2002; Lubell & Edelenbos, 2013) . In the USA, for example, water supply and flood control is managed by the US Corps of Engineers and the Bureau of Reclamation. The USA Fish &Wildlife Service is responsible for the water-dependent sporting and related species. The Environmental Protection Agency (EPA) is responsible for water quality in general, and the proliferation of chemicals (United States Environmental Protection Agency, 2005). There are, in addition, a slew of other state-level environmental agencies that work with EPA on those issues at a state and local government level (Karr, Toth, & Dudley, 1985; Shih, Harrington, Pizer, & Gillingham, 2006) . For the reasons above, there is a need to establish methods of managing a closed cycle on water resources engagements that include rivers with coordination among engineering projects, social and community priorities, and economic feasibility (Hassing, Ipsen, Clausen, Larsen, & LindgaardJorgensen, 2009 ). River basin management became a global concern to put limits on pollution, coordinate engineering design and execution, especially when rivers cross from an upstream country to another downstream country (Rahaman & Varis, 2005) . Interestingly, the issue of responsibility fragmentation becomes more complex in trans-boundary collaboration on river waters where the integration of responsibilities crosses country borders. One of the examples is the Mekong River, the 12th longest river in the world, which crosses Laos, Cambodia, Vietnam, and Thailand (Hassing et al., 2009) . Other examples, albeit within the same country, address small rivers where integration is recommended at the river basin level (Hassing et al., 2009; United Nations Educational, Scientific & Cultural Organization, 2008) .
Small rivers in rural areas
The numerical model described above is applied with field data collected from communities around a watercourse that originates in Mount Lebanon and runs into the East Mediterranean north of the city of Amshit in Byblos County. The river has a catchment basin of about 22 km 2 . It flows across over 25 villages, which makes it an environmental asset that has a direct impact on local rural communities. The river has a high season in winter but more markedly during the snow melting season in February and March. Its bed is characterized by meandering and relatively sharp variations in slope. Its bed width varies between 5 and 15 m.
Physical properties, water supply, and ecosystem support
It would be inadequate to narrow down the role of small rivers to a mere source of water (Meyer et al., 2003) . Small rivers are in fact refuges for ecosystems, many of which are not well understood by their local communities. Small rivers support ecosystems through soil formation, pollination, provision of habitat, population control, and regulation of drought (Kaplan, Bott, Jackson, Newbold, & Sweeney, 2008) . They also offer cultural features to humans such as recreation, aesthetics, and many non-materialistic values. This feature could be developed into a more thorough discussion on environmental valuation, including existence value (Chalhoub, 2012) . However, this broader discussion is left outside the scope of this paper to focus primarily on the functional dimensions set forth in earlier sections.
In populated areas, small rivers are vulnerable to human actions and are subjected to stress levels, depending on the geographic location and enacted environmental protection policies (Wohl, 2006) . In Byblos County, Lebanon, small villages house light industries such as the manufacturing of cement masonry units, or stone veneer saws that have deep effects on small river health (Chalhoub, 2012) . River health is also influenced by variations in its water temperature. Global warming is causing a net rise in average yearly temperatures in water streams (Döll & Zhang, 2010) . Water temperature is also part of small river categorization. According to Conservation Gateway, small rivers are grouped into six categories based on bed slope gradient, water temperature, width, and other engineering properties as shown in Table 1 (Conservation Gateway, 2010).
The categorization in Table 1 is accompanied by detailed manuals explaining the types of species that exist in each setting, their habitat, and the extent to which they are endangered or affected by human interventions (Conservation Gateway, 2010).
A small river has its own practical engineering peculiarities in terms of width, catchment area, slope, and roughness. In France, 78% of total river length has a width less than 15 meters. In Slovenia, 80% of total river length in the country has a width less than 5 meters, and in Denmark, 75% of total river length has a bed narrower than 2.5 meters (European Commission, 2007) . In the U.S. a small river features a catchment area less than 200 km 2 , while in Europe a small river features a catchment area less than 100 km 2 . In Scotland, 80% of river length in the country has a catchment area less than 10 km 2 ; in Slovenia 90% (European Commission, 2007; European Environment Agency, 2012) . There is ample evidence worldwide that small rivers form the majority of surface water circulation. Given their vulnerability, lack of visibility, and proximity to localized communities, small rivers require special precautions in terms of environmental protection and resource management (Meyer et al., 2003) .
In Lebanon, small river data documentation is scarce and needed for future research. Secondary data are available from works from the Western Hemisphere, and from developing countries as planned and implemented by international development organizations. When we turn to local challenges, we draw on such secondary data with adaptation and adoption (Conservation Gateway, 2010; European Environment Agency, 2012) . This is particularly critical because small river management requires a deep understanding of human activities and their effects on ecosystems (Kremen & Ostfeld, 2005) .
Engineered small river structures-pros and cons
Engineered dams for small rivers were initially intended to provide solutions against drought season and power supply deficit in both developed and developing countries (Lewis, 2013) . There are about 2 million dams in the US and 80,000 large dams of a height greater than 6 feet. In the US about 500 dams were built per year in the 1980s. At present, the rate is about 300. Dams were built for various reasons including power generation, agriculture support, and recreation as a windfall. For example, the damming of the Colorado River and the Columbia River was accomplished for purposes of farming (United States Society on Dams, 2013). Other dams were considered as engineering grand works such as the Hoover Dam, which created Lake Mead. Glen Canyon Dam forms Lake Powell on the Colorado River, and is used for hydroelectric generation, water distribution in between years of low and high precipitation, and provision of recreational activities and boating. Therefore, most large dam functions include a significant human entertainment feature and tourism (United States Department of the Interior, 2013). However, dams alike many other human interventions, have been criticized for disrupting the natural equilibrium of ecosystems (Whittaker, 1975; Williams & Wolman, 1984) .
To generate hydropower, various alternatives must be considered and selected in favor of the one that would have the lowest environmental impact (Ward & Stanford, 1995) . Although dams were generally considered as hydraulic structures with positive communal outcomes, there has been extensive research showing their negative effects. There is a closed dynamic ecological cycle for rivers that is in equilibrium among erosion, sediment transport, sediment deposit, habitat, and temperature. Causing an artificial stagnation of river waters has multiple negative ecological effects (Grant, Schmidt, & Lewis, 2003) .
When it comes to small river dams, especially the ones that are considered for developing countries, many disadvantages surge. Since the 1960s and with the environmental movement at the time, many researchers addressed the downside of constraining the dynamism of river water. Research has shown that many river flows that were brought down to standstill water no longer support the natural habitat and ecosystem that used to exist around them (Naiman, Magnuson, McKnight, & Stanford, 1995; National Research Council, 1992) . The dynamic nature of river water flow has its own life sustenance system (Allan & Flecker, 1993; Karr et al., 1985) . Since the integrity of a free-flowing water system depends on the dynamic character of that system, blocking it needs to be well studied from an environmental engineering perspective . Channel geomorphology and habitat require a detailed environmental impact assessment (Power, Sun, Parker, Dietrich, & Wootton, 1995; Resh et al., 1988) . In addition to the dynamic feature effect of the natural flow, its variability through time and location was proven to be an important factor as well (Hughes & Noss, 1992) . The analysis the effects of thwarting natural flow showed that it is necessary to maintain flow variability to minimize human impact on it, and when restoration occurs, it must follow a protocol to reverse the effects with minimum environmental impact (Holling & Meffe, 1996; Stanford et al., 1996) . In developing countries, such effects get compounded due the lack of policies and corresponding environmental laws, or for lack of proper enforcement even when such laws exist.
Mathematical modeling considerations for small rivers as open-channel flow

Rationale for a proposed theoretical model
To make calculations possible in open-channel flow, engineers use simplifying assumptions related to channel geometry and flow properties (French, 1985) . However, the challenges are greater in real life situations in hilly areas where creeks have slopes with high gradients, where river bed bents are frequent, and where natural terrain is weedy and exhibits high frictional resistance at the river bottom. Therefore, steady-state flow formulas do not apply in areas where it takes several days and often weeks to build up the flow rate following water seepage in dry soil. Following the dry season, the river re-establishes its bed in the rainy or snow-melting season in parallel with a cycle of weed and sediment transport (Chalhoub, 2013) .
Channel cross-sectional shapes can be reasonably modeled and controlled in human-made canals. In most other cases, the shape is a result of the works of nature. Rectangular and trapezoidal sections are commonly used in open-channel computations. But in the field, a variety of random channel sectional shapes are encountered. This phenomenon becomes more complicated when the shape at a given station changes through time due to erosion in one reach and fill in another reach. The slope is another variable that changes frequently in small rural rivers. This is especially complicated in the presence of boulders and other irregularities on the river bed (Yalin, 1992) .
The seasonality of small rivers complicates the set of assumptions used in the computations of river flow rates. We propose that the roughness coefficient, generally denoted by n, cannot be assumed to be a constant for a given river bed material as tabulated in most open-channel flow literature (Manning, 1891) . The resistance coefficient is rather a function of total flow rate Q and of small river meander (Chalhoub, 2013) .
Mathematical model
We express the total flow rate as a function of river cross-sectional area A, hydraulic radius R h , river bed slope S, and roughness coefficient n, we have:
where p and r are the power exponents determined through experimental and analytical techniques. Manning found that for commonly used channel sections, an estimate of p = 2/3 and r = 1/2 provided a reasonable match with scaled laboratory results (Manning, 1891) . However, we shall consider p and r in their general form, and n as a function of depth y. Using the definition of the hydraulic radius, and denoting by w the river width, expression (1) can be written as follows:
The variation in n(y) for two streams of comparable widths and conveying similar flow rates is expressed as the partial derivative in y:
where K w,Q is a function of river width and average flow. In the expression of the gradient in n, we introduce three basic assumptions. The first one is that small river flows are shallow. The rippling effects are observed on the water-free surface which is directly influenced by the geometry of the river bottom. The second assumption is that the small river has a variable bed configuration at any given control section. This is particularly pronounced for rivers that run on seasons and present a low or null flow when out of season. The third assumption is that small rivers, by virtue of their locations, have frequent meandering. The detailed mathematical derivation is left outside the scope of this paper. We present partial results to illustrate the correction factors required for small rivers over classical theories that apply to less rugged open-channel beds (Chalhoub, 2013) . Defining a function f ( n∕ y) that includes the simplification performed on the gradient of n, we perform an integral over the depth of the river to obtain the adjusted roughness coefficient n*:
We present part of the results that illustrate adjustment factors to n as a function of flow depth for a given river width. Field data from Byblos County were collected and used to test the formulas above. A seasonal river that has its springs at 995 meters in altitude, traverses 17 villages before it reaches its estuary on the Mediterranean. Its width varies between 8 and 30 m, depending on the reach, bed gradient, and geologic conditions. For a river width w = 20 m, the simulation model shows that n should be adjusted by 35% for a flow depth of 0.10 m, diminishing to 10% for a flow depth of 2 m. The adjustment percentage in the range of 35% corresponds to relatively meager depths. This result is in agreement with physical field observations as rippled shallow waters flowing in the depth range of 0.1-0.2 m have to overcome a larger relative roughness than a flow of say 2 m in depth (Figure 1 ). The direction of the adjustments is in agreement with pipe flow theories that define e/D where e is the irregularity on the interior surface of the pipe, or pipe roughness, and D is the clear interior pipe diameter. Similar results were reached in a simulation for a river width of 19 m with flow depth varying between 0.05 m and 3 m. Adjustments to n in this case range from a high of 37% down to a low of 9% (Figure 2 ).
The simulation data can be cast into a simplified formula by finding an exponential trend function for a given case. For the case of w = 20 m and a depth varying between 0.05 and 2 m, we can express the adjustment over n as a function of depth at a particular control section along a given river reach:
where Δn(%) is the adjustment percentage and d is the flow depth in meters. Due to field-related error margins, we consider that expression (5) may be used for neighboring values of river bed width. Similarly, we develop an exponential trend function for w = 19 m which is given in expression (6):
These results also demonstrate that small rivers require a set of adjusted formulas of their own that take into consideration their meandering nature, the variability in their cross-sectional shape, and their seasonality (Chalhoub, 2013) . River bed coefficients that are typically tabulated in literature and used for open-channel flow may underestimate the roughness of a meandering small river and therefore may cause an overly optimistic estimation of the flow carried by its stream. Such an overestimation of water flow has many implications on project planning and rural development expected outcomes. 
Theoretical framework: Engineering, community, and economic dimensions
Framework development
Having discussed water resource engineering and management issues, we introduce a theoretical framework that links the engineering dimension, the social and community dimension, and the economic dimension. The theoretical framework shown in Figure 3 is tested in the following sections using empirical data by performing a regression analysis. The theoretical framework includes 11 variables related to a rural development project over a small river. From the preceding analysis of water issues, no theoretical engineering solution can be implemented unless the other two dimensions-social and economic-are actively managed. We also demonstrated in the previous section that engineering solutions based on open-channel flow theory may yield optimistic results leading to a mismatch between expected and actual results, whether for hydropower generation or irrigation civil projects, potentially causing water stress (World Business Council for Sustainable Development, 2006).
The variables x 1 through x 11 were collected on a Likert scale. These are used in a linear combination with coefficients γ i to determine the independent variables X 1 through X 4 used in the regression equation. The rationale behind these variables is to capture, along with the engineering and technical aspects of the rural development project, the attitudinal aspects and predisposition of the community to perform according to guiding principles in water resource management.
Discussion of the variables
In earlier sections, we discussed policy implications on the social and community dimensions and emphasized the importance of a clear public policy in creating a social network around water use and management. This variable is represented by x 1 . The second variable, x 2 , represents the importance of target setting in communities to rally the effort around clear objectives for water use. The third variable x 3 relates to the availability of human resources. The challenge faced in Mount Lebanon is its brain drain as many respondents commented during our exploratory research phase that the departure of human resource has been irreversible.
For the engineering component, variable x 4 addresses the view of the community with respect to the use of a small river for power generation, while x 5 addresses the use of the river for irrigation and agricultural applications. Variables x 6 and x 7 also address the engineering dimension whereby they represent meeting engineering targets and the amenability to let private entities manage the project, respectively. Variables x 8 and x 9 pertain to the economic dimension related to using the river for power generation and agriculture, respectively. The economic feasibility and the amenability to let private parties handle the economic side of the civil project are represented by x 10 and x 11 , respectively.
With the first level variables defined above, the theoretical framework in Figure 3 provides a roadmap for the relationships among those 11 variables distributed across the three main dimensions. One of the challenges faced with such frameworks is that they expect the end-user to have an understanding of engineering, managerial, and privatization concepts. That was not the case with many respondents. For example, a challenge was faced with the criteria related to amenability to privatization. Many respondents were not clearly in tune with the concepts, implications, and repercussions of privatization. Further, there may have been a predisposition due to the local Lebanese culture of being biased in favor of taking the helm of public service management in private hands.
Numerical application of the theoretical framework
Empirical model
The theoretical framework was tested empirically based on a regression analysis. We define the dependent variable Y as an index that represents the ability of local communities to handle water resource civil engineering projects. The independent variable is then evaluated using the statistical significance method in relation to the independent variables defined in the following sections.
We define the first independent variable and denote it by X 1 to represent the extent to which the local community would contribute to the operation and maintenance of the facility. The representation of X 1 in the regression equation uses data related to x 1 , x 2 , and x 3 , combined from their respective Likert scale into a weighted average where the weights are denoted by γ i , where i is the number of the variable under consideration.
Numerous examples exist about water resource project failures directly attributed to the lack of community involvement (United Nations Development Porgramme, 2006) . Research has even suggested environmental activism as a feature that is becoming a necessity in many developing countries (Gross, Van Wijk, & Mukherjee, 2001) . Activism relies on the fact that projects fail if there is not one pro-actively pursuing their project targets (World Health Organization, 2008) .
The second independent variable is defined as X 2 , which represents the community readiness and ability to harness project output toward power generation. Variables x 4 and x 8 are used in a weighted average to define X 2 . In Lebanon, the lack of power supply from the central government is nowadays substituted by local generators. These local generators require fuel burning and cause air pollution, hazard, and cost above what is paid to the electric utility company. Some of the municipalities gave an incentive for residents to stop using private generators and to rely on a single power station led by their municipality. The marginal benefit is therefore the aggregate unused energy by individual households (Figure 4 ).
The third independent variable X 3 represents the potential use for agricultural purposes. This item requires further study because of the nature of agriculture common in the geographic areas where we conducted research. The villages in Byblos County that are in the middle strip between 450 and 700 m of altitude are populated with trees that do not require persistent irrigation such as olives, almonds, and some fruit trees (Chalhoub, 2013) . Most of the region does not rely on human-made irrigation for older olive or almond trees. Irrigation in the empirical model was therefore linked to plantations that require periodic irrigation. Commercial operations such as the ones that use greenhouses were left for future research to focus on community development in its most basic sense as it relates to households and the livelihood of families.
The fourth independent variable X 4 focused on the extent to which the local community sees privatization of water projects as a viable solution. This particular variable could be the object of extensive future research under separate scope. Privatization, in general, and for water resource management in particular, is still a subject of debate among engineers, public works officials, and policy analysts (Posel, 2012) . It has been applied to major civil engineering projects in water resources through agreements between mega construction companies, local governments, and funding parties such as global banks (McIntosh & Yniguez, 2000; Shiva, 2000) . Privatization policies, especially in civil engineering water supply projects, were at the same time praised and criticized. Critics of the privatization of public works in civil engineering argue that water belongs to public goods just like air, security, and safety. While those who support its privatization argue that a private party generating profit would be working under an incentive to continually provide and improve services and get feedback from the citizen as a customer (Hayes, 2003) . In the context of small river engineering management, it is not customary to privatize services but it could be explored given its localized effect.
The dependent variable denoted by Y can be expressed as a function of the four independent variables: where 0 is the intercept and β i (i = 1, …, 4) are the regression coefficients, plus an error term. Regression computations result in regression coefficients and their corresponding standard errors. These computed values help determine the statistical significance of each independent variable in defining the dependent variable, and whether correlation is positive or negative.
Discussion of results
We point at some features of the scatter diagrams showing the relationship between Y and two of the independent variables. The data plot of (Y, X 1 ) exhibits some clustering at the high end of the Likert scale, showing that the relationship between Y and X 1 is predominantly in the 4-5 range which is primarily favorable to community involvement. The scatter between Y and X 3 is sparse and exhibits a spread in the responses related to the use of small rivers for irrigation and agricultural purposes. The overall results from the multivariate regression analysis can be summarized in expression (8): Equation (8) has an r 2 value of 0.9. Results from the multivariate regression analysis show a positive and significant correlation between the project index and the independent variable X 1 representing community involvement in river-related civil engineering projects. The relationship is statistically significant at α = 5% significance level, and as the standard error value se1for the coefficient β 1 is 0.0393 < 0.05. This is in agreement with most ex-post studies performed on the importance of local community involvement and management in sustainable rural development as discussed in earlier sections. There is a positive and statistically significant relationship with the potential use of the river for power generation and for agricultural use as their regression coefficients are β 2 = 0.3734 and β 3 = 0.3685, respectively, and their standard error values are se 2 0.0355 and se 3 0.0346, respectively, and both smaller than α = 0.05. This result is also consistent with past studies with the exception that, as stated in earlier sections, the communities under study did not exhibit awareness about the potential negative effects of human intervention such as erecting small dams or creating parallel catchment basins as documented in other regions of the world. In those regions, small river civil projects have come full circle from planning, to execution, to dismantling dams. Nevertheless, we still consider the results for X 2 and X 3 indicative of potential solutions that could be sensitive to environmental concerns, and still more suitable than letting the water flow back to the sea without any exploitation ( Figure 5 ). The correlation with the independent variable X 4 representing amenability of local communities to the privatization of civil works on small rivers was found statistically significant but negatively correlated with project index. This can be seen from the standard coefficient error of 0.0275 < 0.05 with a coefficient of −0.1025. This point requires further investigation in future research where we recommend that education and awareness-building in the form of town meetings and workshops be provided about privatization, its benefits, and its drawbacks. It is our belief that an educational program about the use of small rivers preceding a more detailed sequel to the present research would certainly shed light on engineering technology options, and result in a target audience that is more in tune with these options.
Conclusions
With the importance of water resources in all aspects of sustenance and development, and with disconcerting effects from direct human interventions and global climate change, attention is turning to the harnessing of headwater and upstream rivers branches in addition to traditional facilities on the main river arteries. This trend is most felt in rural development by virtue of the location of creeks and small rivers, and their intertwined path within local communities. Human interventions through dams on small rivers have productive effects but may be counterbalanced by a larger negative environmental impact. Challenges exist because water is undervalued, communities are still not in tune with the criticality of their roles in getting involved and leading small river projects, and responsibilities are fragmented in terms of water resource management.
Another set of challenges exists from an engineering perspective because most theories developed and used to-date use simplifying assumptions that are better suitable for large rivers than for small ones. Since there are fundamental differences between a large and a small river in terms of bed geometry, reach curvature, and bed bottom composition, fundamental adjustments need to be applied to traditional open-channel formulas. A discussion of open-channel theory shows that the application of commonly acknowledged formulas may lead to an underestimation of roughness and meandering of a small river and may lead to overly optimistic results. Further, these engineering findings require a link to broader, more practical outlook at the relationship among the engineering dimension, the social and community dimension, and the economic dimension. From an engineering economics perspective, challenges exist because water is undervalued and often wasted. A dilemma exists in considering water as a public good just like air and security, versus putting it in private hands where managerial incentives are better delineated.
A proposed framework links the three dimensions above. It is tested with a numerical model based on regression analysis. Small river project success index is found to be significantly and positively related to the extent to which small communities are willing to get involved in civil works and 
